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Introduction
============

Anterior cervical discectomy and fusion (ACDF) has been a commonly used surgical procedure that was described by Cloward and Robinson and Smith \[[@REF1]-[@REF2]\]. It is used to decompress the cervical spinal cord and the nerve roots in cases of herniated intervertebral disc, cervical radiculopathy, spondylosis, myelopathy or deformity caused by trauma, tumor or infection \[[@REF3]\]. Although ACDF is considered a safe procedure and its complications are relatively rare and manageable, some complications may be serious and could last for several weeks to months. Intraoperative complications include the risk of recurrent laryngeal nerve injury; such injury rarely causes permanent post-operative hoarseness. Dysphagia is a relatively common complication and it usually lasts for days to months due to edema and pressure effect \[[@REF3]-[@REF8]\]. Other post-operative complications have also been reported, including soft tissue hematoma, respiratory problems, adjacent level disease, infection, epidural abscess, hardware failure, pseudarthrosis, and non-union \[[@REF3]-[@REF8]\]. There are risk factors that have been described in the literature linking ACDF related complications to patient's age, female gender, smoking, type of hardware, having a revision surgery and multi-level surgery \[[@REF9]\]. This study aimed to explore the mortality and morbidity rates in the first 30 days following ACDF procedure and to identify the associated risk factors in the Saudi population. Due to the lack of data concerning this population, this study offers a valuable addition to the literature.

Materials and methods
=====================

A retrospective cohort study of 434 patients who underwent primary ACDF surgery for cervical radiculopathy and spondylosis between 2008-2017 with a minimum of 30 days follow up was performed. Orthopaedic surgery and neurosurgery patients from the same institute were included in the study. Patients aged bellow 20 or above 80, patients who had dysphagia and/or dysphonia preoperatively, patients who underwent combined anterior and posterior cervical spine surgeries during the same admission, patients who underwent cervical arthroplasty procedures, and patients who were treated for other indications other than degenerative pathology (e.g. Trauma, tumor, infection etc.) were excluded from the study. Patient demographics such as (age, gender, BMI, smoking, and other comorbidities) and operative notes (including blood loss, use of drain, type of graft, number of levels involved, duration of surgery, intraoperative complications, etc.) were documented. Thirty-day complication variables defined as return to ICU, revision surgery, pneumonia, hematoma, wound infection and death (Table [1](#TAB1){ref-type="table"}). Incidence of persistent dysphagia and dysphonia (post 30 days) was also assessed.

###### Thirty-day complication variables defined

  ------------------ ------------------------ -----------
                     30 Days Complications    
                     N                        Frequency
  Revision surgery   163                      0
  Return to ICU      163                      1
  Return to OR       163                      1
  Pneumonia          163                      0
  Hematoma           163                      2
  Wound infection    163                      1
  Death              163                      0
  ------------------ ------------------------ -----------

Surgical procedure

After applying the standard general anesthesia technique, the patient was positioned in a supine position. A longitudinal or vertical surgical incision was made at the targeted level of decompression, followed by superficial dissections through the fascia and platysmal muscle, retraction of the esophagus medially and the sternocleidomastoid with the carotid sheath laterally. A deep dissection by splinting the longus colli muscles and anterior longitudinal ligament to expose the vertebral body was done. This was followed by decompression of the targeted level by removal of the affected disc level and osteophytes. The bone graft was then applied followed by plate and screws if planned beforehand.

Statistical analysis

The data was analyzed using Statistical Package for the Social Sciences (SPSS) (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp). Quantitative data from the patients' charts such as age, length of stay, and BMI was included in descriptive statistics such as mean, standard deviation and frequencies. We used the non-parametric test for non-numerical data, and the students t-test for normal distribution data. A multivariant regression analysis was carried out to assess relationship between variables and possible complications.

Results
=======

Out of the 434 medical charts reviewed, 163 met the inclusion criteria for the 10-year period between 2008-2017; patients from both neurosurgery and the orthopedic surgery case pool were included. Mean population age was 52 ± 11 years. Female to male ratio was 42% to 58% and smokers comprised 22% of the population. Cardiac comorbidities were found in 28.8% of the patients, of which 2.4% were on anticoagulation. Diabetes and Hypertension prevalence in the sample were at 35.5% and 31% respectively (full descriptive statistics Table [2](#TAB2){ref-type="table"}). ASA Physical Status Classification System was reviewed and mentioned in Table [3](#TAB3){ref-type="table"}.

###### Baseline characteristics

  ------------------------------------ -------------
  Variable                             N (%)
  Age (Mean, years)                    51.57
  Gender                               Male
  Female                               68 (42%)
  BMI (Mean, kg)                       29.21
  Smoking status                         Smokers  
  Non-smokers                          127 (78%)  
  Cardiac comorbidity                  47 (28.8%)
  HTN                                  58 (35.5%)
  DM                                   51(31.2%)
  COPD                                 2 (1.2%)
  Bleeding disorders                   0 (0%)
  Use of anti-coagulant                4 (2.4%)
  Pulmonary comorbidities (n)   BA     9 (5.5%)
  Recovered TB                         1 (0.6%)
  Previous PE                          1 (0.6%)
  ------------------------------------ -------------

###### ASA Physical Status Classification System

  ----- ----------- ------
  ASA   Frequency   \%
  1     30          18.4
  2     98          60.1
  3     34          20.9
  4     1           0.6
  ----- ----------- ------

Operative statistics

Elective cases comprised 90% of the sample and most of the patients had one or two levels operated on (56% and 39% respectively), 95% had ACDF procedure performed and only 5% ended with a corpectomy (9 patients). One patient needed an intraoperative transfusion, drain was left in 69% of patients and planned intensive care admission was only done for 5 patients (3% of the sample). Neuromonitoring was used for 8 patients only (4.9%). Instrumentation and graft usage are detailed in Table [4](#TAB4){ref-type="table"} with 92% needing a cage plus plate configuration and 63% had an allograft used. Intraoperative complications were minimal mounting to one recurrent laryngeal nerve injury in one patient and vascular injury in another. Postoperative complications were also at low levels with 93.8% complication free at 30 days. One patient was noted to have a wound infection on day 8 post-operatively due to retropharyngeal abscess. Seven patients experienced dysphagia that took more than 30 days to resolve, five of which had concurrent dysphonia (Table [5](#TAB5){ref-type="table"}). Mean hospital stay 12.5 ±18 days. A multivariant regression analysis did not note any significant relationship with length of stay and complication rate. Although length of hospital stay was significantly associated with older age, dyslipidemia, C3-spine levels instrumentation, use of bone graft and finally 500 cc or more intraoperative blood loss (Table [6](#TAB6){ref-type="table"}).

###### Instrumentation and graft usage

  ----------------------- ---------------------- ------
  Instrumentation         Frequency              \%
  Cage                    13                     8
  Cage + Plate            150                    92
  Grafted                     Allograft          104 
  Allograft + Autograft   4                      2.5
  None grafted            22                     13.5
  ----------------------- ---------------------- ------

###### Thirty-day Complication incidence in included sample

  --------- ------------------------------------------------------------------- ---------------------------------- ----------- -----------
  Patient                                                       Complications                                                  
  1         Retro pharyngeal abscess                                                                                            
  2                                                                             Recurrent laryngeal nerve injury   Dysphagia    
  3                                                                                                                            Dysphonia
  4                                                                                                                Dysphagia   Dysphonia
  5                                                                                                                            Dysphonia
  6                                                                                                                Dysphagia    
  7                                                                                                                Dysphagia   Dysphonia
  8                                                                                                                Dysphagia   Dysphonia
  9                                                                                                                Dysphagia   Dysphonia
  10                                                                                                                           Dysphonia
  --------- ------------------------------------------------------------------- ---------------------------------- ----------- -----------

###### Multivariant Regression Analysis denoting relationships of comorbidities, operative time, Number of levels operated, and blood loss with length of hospital stay.

\*correlation between length of hospital stay and the estimated risk factors \*p value significant if \<0.01. CVA=Cerebrovascular accident; HTN=Hypertension; DM=diabetes mellitus; COPD=Chronic obstructive pulmonary disease; DLP=Dyslipidemia; CATH= Cardiac catheterization

  ------------------------ ------------------------------ -------------------------------------------------
                                                                                              Correlation
                                                          Coef.
  Age                      0.25                           0.1
  Gender                   -0.44                          2.22
  BMI                      0.121                          0.15
  Smoking                  1.55                           2.76
  HTN                      3.43                           2.62
  DM                       -2.22                          2.57
  COPD                     2.63                           7.78
  DLP                      6.05                           2.71
  Cardiac comorbidities    CVA                            3.77
  Heart disease            5.66                           7.83
  Fibrillation             16.06                          13.6
  CATH                     2.19                           7.8
                           Operative time (hours)         3.56
  Number of C-spine        2 levels                       3.19
                           3 levels                       12.96
                           4 levels                       9.9
                           Estimated Blood loss \>500cc   20.42
  ------------------------ ------------------------------ -------------------------------------------------

Discussion
==========

This paper showed a minimal number of complications in the first 30 days postoperatively. In early postoperative period, 5.5% of the patients experienced dysphagia and/or dysphonia that did not resolve within the 30-day period. In the literature, dysphagia was one of the most common complications post ACDF surgery \[[@REF10]\]. In a retrospective study in 2018, Mullins et al. reported that dysphagia is as minimal as 7 patients out of 1123 \[[@REF10]\]. Fisahn et al. compared a stand-alone cage to a plate-cage construct with 8.9% of the population reported to experience chronic dysphagia. A predominance in that plate-cage group without clinical significance was noted in that study \[[@REF11]\]. Wang et al. reported a higher number of dysphagia reaching 20% in the post-operative period \[[@REF12]\]. Moreover, Riley et al. reported dysphagia rates up to 30% of their population, and it increased with the increase of number of levels instrumented \[[@REF13]\]. In a prospective study, Lee et al. found that female revision surgery and multi-level surgery were associated with a higher rate of dysphasia \[[@REF8]\]. Yadav et al. found that dysphagia was the most common post-operative complaint (16.4%) followed by neurological deterioration (7.9%); one patient suffered from subcutaneous emphysema and hemoptysis due to pharyngeal perforation \[[@REF14]\].

Length of hospital stay is an important indicator of possible complications or associated morbidities to any surgical procedure. Khanna et al. studied the outcome of 6940 patients who underwent a single-level ACDF. The outcomes assessed included duration of hospital stay, 30-day medical and surgical complications, reoperation, readmission, and mortality. The results were that a total of 5162 patients had an inpatient hospital stay, whereas 1778 patients had outpatient surgery. Compared to outpatient surgery, the overall complication rate was higher in the inpatient arm including 30-day readmission rate. However, mortality was the same with 0.1% in both groups \[[@REF15]\]. A less common complication such as esophageal perforation has been reported in some case reports. Park et al. reported a case of recurrent esophageal perforation after 20 and 25 years postoperatively due to screw pull out. The patient had spontaneous healing in the first perforation, however he required surgical repair the second time \[[@REF16]\]. Phan et al. recommended close attention to anesthesia time as they found it increases the odds of complications post ACDF such as thromboembolic events, prolonged hospital stay, and the return to operation table \[[@REF17]\]. Song et al. reviewed 785 patients who underwent ACDF for post-operative acute airway obstruction (AAO) secondary to retropharyngeal hematoma. Nine patients developed AAO (1.15%), with no significant risk factors identified \[[@REF18]\]. Sagi et al. showed that prolonged procedures, more than 5 hours, blood loss more than 300 ml and more than three levels operated were significantly associated with airway complications \[[@REF19]\]. 

Approximately 3% of our population had to go into revision surgery in the long term with only one case which fit within the 30-day scope of this paper (Table [6](#TAB6){ref-type="table"}) \[[@REF17]\]. No mortality was noted within the 30-day time period of this paper, although expanding the timeline showed one case of death due to pneumonia and subsequent acute respiratory distress syndrome (ARDS) within the first year post operatively. Kelly et al. in their retrospective review that included 50926 patients, seven and 55 patients had cardiopulmonary complications including MI and PE respectively, 24 patients experienced vertebral artery tear and mortality was noted in 93 patients in the sample \[[@REF20]\]. This constitutes 0.1% of their sample which is not far from the 0.6% noted in this population. It is within reason to expect similar results given a larger sample size.

###### Long-term revision rate in the sample -- minimum of 2 year follow up

  ------------ ------------------------------------
  Patient \#   Revision Timeline Post operatively
  1            16 months 
  2            3 years
  3            6 months
  4            3 years
  5            8 days
  ------------ ------------------------------------

We acknowledge the sample size of this study as a weakness, although it was expected for a single center study. Furthermore, the lack of reporting the disability index and subjective analysis is noted as a weakness and can be attributed to the retrospective nature of the study and the lack of complete documentation in the older paper-based records. We recommend a minimum of a 2- year follow up prospective multicenter study that addresses this population. Such a study will give valuable insights on the associated morbidity and mortality in the short and long term with the ACDF procedure. 

Conclusions
===========

While ACDF is considered a safe procedure, postoperative complications, when present, may have long-term ramifications. This paper reports a low complication rate in the first 30 days postoperatively and recommends prospective long-term studies. 
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